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Liquids-I* An Experimental Study of Vortex Motion In 
Lord Kelvins's Smoke-ring Model of the Atom 

By Edwin F. Northrup, Ph. D., Palmer Physical Laboratory, Princeton University 

[The article here 1'eproduced by special permission 

was awarded the Longstreth Medal ot Merit, pre

sented by the Fmnklin Institute, tor the best paper 

ot the year published in its Journal.-EDITOR.] 

IT is not improbable that the first observer of vortex 
motions was Sir Walter Raleigh; if popular tradition 
may be credited regarding his use of tobacco, and prob
ably few smokers since his day have failed to observe the 
curiously persistent forms of white rings of tobacco 
smoke which they delight to make. But some two hun
dred and eigl;1ty years went by, after the romantic days 
of Raleigh and Sir Francis Drake, who made tobacco pop
ular in England, before a scientific explanation of smoke 
rings was attempted. 

About 1867 Prof. P. G. Tait translated into English a 
most important mathematical paper by the German 
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Fig. 1.-Diagram of Tank. 

physicist Von Helmholtz .. In this paper Helmholtz sub
mitted to a rigid mathematical analysis the motioJ;ls and 
the properties of vortices in an assumed perfect fluid, that 
is a fluid without viscosity. Tait's translation, which 
appeared in the Philosophical Magazine, immediately 
attracted the attention of Lord Kelvin, who saw in the 
results of the analysis of Helmholtz a possible explana
tion of the ultimate constitution of matter. 

Tait illustrated the several point.s of the Helmholtz 
argument by some cleverly devised experiments with 
smoke vortices. He provided a large cubical box with a 

round hole in one side and a flexible diaphragm on the 
opposite side. Ammonium chloride fumes were gener
ated in the box to provide the smoke. When the flexible 
side of the box was struck sharp blows, symmetrical and 
swiftly moving rings issued from the hole opposite. 
These possessed many of the curious properties which 
Helmholtz had predicted for the vortices in a perfect 
fluid. They had integrity of form and moved swiftly 
forward always in a line normal to their plane, and car
ried with them the same material with which they issued 
from the box. They seemingly possessed elasticity of 
form such that striking slanting-wise an object or another 
ring, they were thrown into violent vibrations, as if they 
had been hollow anchor rings of rubber or similar ma
terial. If a swiftly moving ring was made to follow close 
behind a more slowly moving one, the forward ring was 
overtaken and this, as the other approached from behind, 
would accommodatingly expand and allow the approach
ing ring to pass through it. The ring now in advance 
would then be overtaken by the first ring and in turn 
would expand to allow this to overtake and pass through 
it, the speed of the approaching ring having been in
creased by an apparent attraction, as between the rings. 

These experiments were witnessed by Lord Kelvin who 
was deeply interested, and the ideas suggested he rapidly 
developed into his famous vortex theory of matter, in 
which the ultimate particles of matter are postulated as 
consisting of indestructible vortices in the ether. Essen
tial to this theory is the supposition that a vortex fila
ment of circular or other form, knotted or interlinked 
with another filament, would, if once created in a perfect 
fluid, endure forever. It might vibrate, encounter ob
stacles, expand or contract, but it could not be cut or 
broken into parts. Motion, whirling, rotary motion, 
about an axis or line closed upon itself, was the essence of 
its entity. According to Kelvin, one portion of space 
contains matter, if the ether in that space possesses vor
tex motion, while another portion of space is without 
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matter if the ether in that space is not possessed of vortex 
motion. The atoms are vortices and are eternal. 

In the many scientific memoirs which Kelvin wrote 
during this period, this novel view of a kinetic constitu
tion of matter was supported with consummate skill. 

It seems strange, however, that though the laws of vor
tex motion were exhaustively examined by the ablest 
mathematicians of the time, few if any experiments were 
made to study vortex motions in air and fluids, beyond 
the first experiments with smoke rings above referred to. 

Finally, with the discovery of radium the entire scien-

The experiments which are about to be described 
would, if made earlier, have possibly had a greater inter
est as bearing upon Lord Kelvin's ingenious theory of the 
vortex atom. 

However, consider the electron which modern theory 
substitutes for the vortex atom. Calling it an elemental 
unit negative charge of electricity is but giving a name to 
something whose ultimate nature is as obscure as the 
hard atom of Lucretius made somewhat more thinkable 
by the Kelvin hypothesis. 

The first crude experiments were of a kind such as to be 
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Fig. 2.-Working Drawing of Gun. 

tific world, including Kelvin himself, adopted the more 
fruitfulideas regarding consti tution of matter, which have 
become crystallized in the modern "electron theory." 

That few experiments were tried appears the more 
astonishing, when it is considered that we have at our 
disposal such high density fluids as water and oils with 
free surfaces and small viscosity, in which beautiful vor
tex motions may be easily produced in great variety and 
of curious forms. 

Fig. 3.-General View of the Outfit. 
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Fig. 4.-Gun Switch. 
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reproducible with slight effort and little or no expense 
In the center of the cover of a baking-powder tin a round 
hole, about 1 centimeter in diameter is made. This is 
filled with water colored with red or black ink and cov
ered. 

Care must be used to fill the tin completely so that 
no air remains. A porcelain bath-tub makes a most con
venient water tank. This is filled nearly full and the tin, 
with its colored water, is submerged at one end of the 
tub. The tin is held horizontally in the left hand while 
a sharp blow is struck by means of a hammer in the right. 
A. perfectly symmet.rical vortex ring, somewhat greater in 
diameter than the hole in the tin, will be expelled and 
travel to the far end of the tub, reaching it in about a 
second. This production of visible rings may be re
peat.ed until water in tub becomes clouded with ink. 

Two interesting properties of these rings may be tested 
at once. If the tin is held so that the ring grazes the sid!') 
of the tub, it is, on touching the side, broken up and scat
tered, but if it be pointed so that the ring goes, not at too 
great an angle, toward the surface of the water, it is, on 
reaching or nearly reaching the surface of the water, re
flected down from the surface. The angle of reflection 
is equal to the angle of incidence, and the ring preserves 
both its form and velocity. The plane of the ring 
always maintains itself perpendicular to its direction of 
motion, hence when reflection occurs the ring tilts its 
plane through an angle. 

The experiments first made in this way seemed to 
promise a line of interesting investigation, if properly 
constructed apparatus was made and methods devised 
for the production of the rings under conditions that 
could be completely controlled and modified in various 
ways. 

It was decided to construct a suitable outfit for making 
a series of qualitative observations of the properties of the 
rings and then, if it should prove possible, to take instan
taneous photographs of them. Both plans were executed 
successfully and the outfit and methods employed will 
now be described in sufficient detail so that any one, who 
wishes to reproduce the apparatus and experiments and 
take photographs, may do so. 

DESCRIPTION OF APPARATUS FOR PRODUCING LIQUID 
VORTICES. 

It was recognized at once that a tank was required 
which would permit the rings to be observed from the 
side, the top, and the end. Furthermore, for continuous 
experimenting, the rings must be colored with a material 
which, when the rings break up, would entirely disappear 
and leave the water of the tank clear, for otherwise the 
tank would require repeated refilling, 
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Fig. 1 shows clearly the construction and dimensions 
of the tank used. The bottom and ends were of wood 
and the sides of clear plate glass 7 millimeters thick. Its 
inside dimensions were-length 151 centimeters, height 
60 centimeters, and width between inside surfaces of the 
plate glass 12 centimeters. In one end was mounted a 
lens 10 centimeters in diameter, through which one could 
see with a clear focus almost to the far end of the tank 
when it was filled with water. In the end opposite to 
the lens, close to the bottom, there was a spigot for 
emptying the tank. The pressure of the liquid agaiudt 
the glass sides made them bulge out dangerously and 
removable brass straps were required to hold them to
gether at the top. 

The method of shooting the rings and the construGt,ion 
of the "gun" received mucL consideration, and after two 
years' experience with the first form constructed, no 
single detail seems to need change. An electro-magnet 
was used to produce the impacts upon the flexible metal 
diaphragm of the gun. The choice of an electro-magnet 
proved, later on, to be a wise one when the rings were 
being photographed, as the timing and force of the blow 
could be precisely regulated. 

The gun was supported on brass rods in such a manner 
that it could be aimed in any desired direction by adjust
ments made above the water. The hole in the front end 
of the gun from which the rings issue could be closed or 
opened by means of a hinged metal piece which also was 
operated by a brass rod above the water. The gun 
proper consisted of a short cylindrical brass tube 7.7 cen
timeters in diameter and 6.6 centimeters long. On the 
front end of this tube was a removable disk of brass held 
in place against a shoulder with thumb screws. Disks 
were provided with holes of various shapes and sizes, and 
some with more than one hole. The flexible diaphragm 
in the back end of the tube was of phosphor bronze, well 
hammered to be springy. 

The electro-magnet, for producing the impact upon 
this diagram was in the form of a split hollow anchor 
ring and of the same diameter as the tube. The arma
ture was on the side opposite the tube and consisted of a 
disk of soft iron with six radiating fingers. The winding 
lay in the hollow of the anchor ring and was imbedded in 
wax. Access of water to the winding was further pre
vented by covering the open end with thin sheet brass. 
A rod was fixed to the center of the armature normal to 
its face and, passing through:the center of the magnet, 

Fig. i.-General View of the Machine. 

EVERY engineer knows that the reduction of friction 
to a minimum is one of the most important factors in 
the economical running of all kinds of machinery, yet 
the matter does not by any means receive the careful 
attention that it deserves. By this we mean that 
sufficient care is not always exercised in the . selection 
of the best form of lubricant for different purposes, 
although a very great deal lies in this proper selection. 
To this it may be said that it is not always an easy 
matter to decide what is the most suitable lubricant 
to use, and there is no doubt a good deal of truth in 
this statement. But it has not now the same force 
that it had some years ago, in that there are at the 
present time available very accurate methods by which 
the properties of all kinds of lubricants can be ascer
tained. These methods are well worth attention, for 
it is only by them that the full advantage arising from 
modern improvements in the machinery equipment of 
any installation can be derived. In order to minimize 
the cost of power production and, at the same time, 
lessen the wear and tear of frictional parts of machinery, 
it is necessary to make use of the most suitable lubri
cating material, and in order to do this the user must 
know with certainty the economical value of a lubricant 
before actually putting it into use. 

The data available hitherto have been obtained 
* Reproduced from Engineering. 

struck the diaphragm a sharp blow on the magnet being 
energized. 'rhe length of stroke was about 0.6 centi
meter. The armature was returned to its original posi
tion by means of a spiral sprIng, after de-energizing the 
magnet. The winding was of No. 28 double silk covered 
copper wire and had a resistance of 17.5 ohms. 

An important feature in the construction was a small 
thumb screw at the extreme front end of the tube and 
located on its upper side. After the tube had been filled 
and put under the water in the tank this screw was re
moved, and the last bubble of air made its escape. The 
complete removal of air was' found to be essential to the 
formation of the best rings. 

As the succeS3 of the experiments was largely depend
ent upon the construction of the gun, a complete working 
drawing of it is shown in Fig. 2. 

As in some of the experiments it was required to note 
the effect of the collision and close passage of rings ap
proaching each other from the same and from opposite 
directions, two guns were constructed. When their 
magnets were joined in series, rings could be ejected from 
the two guns at the same instant. 

The entire apparatus including that employed for 
photographing the rmgs, is shown in Fig. 3 reproduced 
from a photograph. 

The gun was operated from a source of direct current of 
1 10 volts. As the circuit through the gun magnet could 
be closed only for an instant, a switch was devised so that 
by pulling a trigger the circuit could be made and quickly 
broken again. As this switch may be of use in other con
nections where a circuit carries a large current for a brief 
time, and as it is simple in construction it is shown in 
Fig.4. 

The rod of metal, bent down at each end and supported 
at its middle point on a fulcrum, has one end in a cup of 
mercury while in its initial position, and the other end in 
another cup of mercury when in its final position, to 
which it is drawn by a spring when a catch is released. 
Only when the rod is horizontal is each end in a mercury 
cup, thus closing the circuit from mercur{," cup to mercury 
cup. 

This switch, together with a rheostat, was used in cir
cuit with the gun and 110 volts. As the gun is under 
water a current of 10 or more amperes could be passed 
through the winding for a brief time without overheating. 
The plunger could, therefore, be made to give a very hard 
blow upon the flexible diaphragm and eject a ring at 

Testing Lubricants* 

A Machine for Studying 

Them Under Actual 

W or king Conditions 

chiefly from chemical and physical analyses, but these 
alone are not sufficient and are frequently misleading. 
I t is not enough to know, for instance, the percentage 
of acidity and pitchy ingredients in an oil, its specific 
gravity, flash-point and viscosity, etc., though these 
particulars are of value in their way; they do not, 
however, afford a reliable basis on which to judge of 
the suitability of the oil or grease for any given purpose. 
Of far greater importance are practical tests under actual 
working conditions, but such tests involve considerable 
risk and great and unnecessary expenditure of time 
and trouble. 

Certainly, many plants are not using the materials 
best adapted to their requirements, and quite different 
qualities would, in many cases, be substituted if those 
in charge of the plants were fully informed as to the 
value of the lubricants relatively. to the machinery on 
which they are used, and if there were available a 
ready means of determining the minimum of friction 
which should exist in the bearings when using the 
most· suitable quality of lubricant. From this it fol
lows that there may easily be a large and, at the same 
time, indeterminate waste of power and an undue 
degree of wear and tear of the frictional surfaces. Un
fortunately there are, in most cases, no visible or audible 
signs to indicate that the oil or grease in use is not of 
the right quality to give the highest percentage of 

© 1912 SCIENTIFIC AMERICAN, INC. 

205 

high velocity, and possessing considerable energy. 
The problem of making deeply colored rings, which 

could be easily observed or photographed, but which on 
breaking up would leave the water perfectly clear, was 
successfully solved for rings of a deep red color and of a 
milk white color. For the red rings phenol phthalein was 
used. This substance is, as -purchased, a white powder. 
To prepare it for use, a teaspoonful is dissolved in ethyl 
alcohol, just enough being used to dissolve it. This solu
tion is then diluted with about two liters of pure water. 
It is then colorless or slightly milky in appearance. 
About a tablespoonful of strong ammonia is then added 
which turns the solution to a deep, rich red color. This 
is put in the gun. To the water of the tank, while it is 
being filled, to get good mixing, is added about an ounce 
of strong hydrochloric acid. The gun is placed in posi
tion in the tank and the last bubble of air is allowed to 
escape. The connections of the electric circuits are then 
made, when the apparatus is ready for shooting rings. 

A ring when shot goes the length of the tank and pre
serves its form and color until it strikes the glass or end 
of the tank. When the ring breaks up the acidity of the 
water entirely destroys the red coloring matter of the 
ring, leaving the water of the tank perfectly clear, even 
after a hundred or more rings have been ejected. It was 
customary to refill the gun, however, after shooting about 
twenty-five rings, as they gradually grow paler. 

For making milk white rings an emulsion of chloride of 
silver was used which also becomes colorless in a weak 
solution of ammonia. To make such an emulsion, which 
will not settle even after standing over night, a table
spoonful of clear gelatine should be boiled in a liter of 
water until completely dissolved; then mix with this 
about 15 grammes of silver nitrate crystals, which have 
been previously dissolved in water. Then add a weak 
solution of hydrocholoric acid, stirring well, until the 
nitrate is all precipitated as chloride. Care should be 
observed not to use an excess of acid. The result is a 
smooth, milk-white solution which will not settle, and will 
turn quite colorless in very weak ammonia water. This 
solution can be half diluted with water. The tank 
should be filled with weak ammonia water and the gun 
with the solution. Beautiful milk white rings can then 
be made in the same manner and with the same ease as 
red rings, and a large number may be shot without any 
clouding of the tank water. 

(To be continned.) 
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Figs. 2 mId B.-Sectional View and Detail. 

efficiency possible. It is here that the resources of 
the engineer frequently fail, for even if the oil be sus
pected as the cause of trouble, it is generally too lengthy 
and too risky a business to undertake the experiments 
necessary in order to set the matter beyond doubt and 
select another and more suitable lubricant. Thus the 
use of the oil, the efficiency of which is doubtful, con
tinues, because of the lack of means for proper testing, 
and the plant continues to run under disadvantageous 
conditions. In some cases, also, the use of an inferior 
or unsuitable oil may be continued, because it is of a 
well-known brand and high priced, although its eco
nomical value may be les.'l or, at any rate, no more 
than that of a considerably c4eaper lubricant. 

Recognizing the importance of being able to deter
mine the practical value of a lubricant without being 
under the necessity of undertaking long and hazardous 
experiments in actual use, attempts have for many 
years been maAle to construct oil-testing machines, 
which have hitherto been mainly on the principle of 
a horizontal or vertical spindle with a surrounding 
bearing. These machines have all had one common 
disadvantage, however, that the concave and curved 
shapes of the bearing and spindle do not respectively 
admit of a sufficiently exact adjustment to each other. 
Under the first tests damage may occur to the fric
tional surfaces, which surfaces cannot be renewed 
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